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Abstract

The microstructure and electric properties of the rhombohedral-tetragonal morphotropic phase boundary (MPB) composition 0.8Bi;,Na;,
,Ti05-0.2Bi, K, TiO5 have been investigated. X-ray and electron diffraction results substantiate the co-existence of tetragonal and rhombohedral
phases. The ferroelectric domains were clearly observed by electron microscopy. The oxygen octahedron tilting of the samples was studied by
SAED. Both saturated polarization—electric field and butterfly shaped strain—electric field hysteresis loops prove that the MPB composition shows
typical ferroelectric nature. The detailed microstructure—property characterization may shed light on the physical property of further work on

BNT-BKT around morphotropic phase boundary.
© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

The study of lead-free piezoelectric ceramics has attracted
much attention, and has been accelerated dramatically by the
world-wide stringent regulations on the use of lead-based
ceramics to protect the environments [1-3]. Morphotropic phase
boundary (MPB) between two end members with different
crystal structure is important for developing high performance
piezoelectric ceramics, it is generally accepted that at the MPB
the increased number of possible polarization variants is
responsible for the enhanced piezoelectric properties. So far
the reported lead-free piezoelectric ceramics are mainly based on
BaTiO; (BT), (Bi,Na)TiO; (BNT), and (K,Na)NbO; (KNN) and
many compositions near MPB have been developed [2,3].
Among the materials based on BNT, the rhombohedral—
tetragonal MPB compositions of (1.0 — x)Bi;,Na;,TiO5—
xBi]/zK]/QTiO3 ((1 — X)BNT—XBKT, when x is 016—020)
demonstrate superior piezoelectric property [4]. Based on
this MPB, several ternary systems such as BNT-BKT-BT and
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BNT-BLT-BKT were developed to further improve the
piezoelectric properties [5,6].

In spite of a number of reports on the detailed electrical
property, however, there are few reports on the microstructure
characterizations in BNT-BKT-based piezoceramics, espe-
cially in the sub-micrometer scale [7-9]. Considering close
correlation between the microstructure and the properties of
given materials, an extensive microstructure study is essential
for better understanding the materials of our interest and
consequently improving the properties more effectively.

In this paper, we reported the microstructure, the electrical
properties, and discussed the structure—property relationship of
the rhombohedral-tetragonal MPB composition 0.80BNT-
0.20BKT. The focus was put on the ferroelectric domain
structure and local crystal structure in this sample. The
ferroelectric properties in this composition were characterized
as well. A complete picture of the structure—property
relationship of these systems was demonstrated.

2. Experimental procedures

The 0.80BNT-0.20BKT ceramic was prepared by a solid
state reaction method from the mixture of Bi>,O5; (99.8%),

0272-8842/$36.00 © 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

doi:10.1016/j.ceramint.2011.09.061


http://www.sciencedirect.com/science/journal/02728842
http://dx.doi.org/10.1016/j.ceramint.2011.09.061
mailto:Jackie0712@hotmail.com
mailto:stzhang@nju.edu.cn
mailto:binyang@hit.edu.cn
http://dx.doi.org/10.1016/j.ceramint.2011.09.061

1684 W.-J. Ji et al./Ceramics International 38 (2012) 1683—1686

Na,COj3 (99.8%), K,CO3 (98.0%) and TiO, (99.0%). These
oxides were mixed in ethanol with carnelian balls by ball-
milling for 24 h, then dried and calcined at 800 °C for 2 h and
then ball milled again for 24 h. Then these green disks were
sintered at 1100 °C for 2 h in covered alumina crucibles. To
reduce the evaporation of the volatile elements Bi, Na and K,
the disks were embedded in a powder of the same compositions
during the sintering.

The structure of ceramic was characterized by X-ray
diffraction (XRD, Rigaku Ultima III) and transmission electron
microscopy (high-resolution Tecnai F20, TEM). TEM sample
was prepared by conventional method. Electrical measure-
ments were carried out on sintered ground disks with silver
electrodes. Electrical measurements were carried out at room
temperature in silicone oil. Polarization—electric field (P-E)
and strain—electric field curves (S—F) curves were measured by
precision premier II (Radiant Tech., USA).

3. Results and discussion

Fig. 1(a) shows the XRD pattern of the ceramic. In this
paper, the reflections were indexed in pseudo-cubic setting. By
scrutinizing the XRD pattern of 0.80BNT-0.20BKT, it can be
seen that there are two sets of reflections. The experimental
XRD pattern is different from the calculated BNT XRD pattern,
which indicates the material is not single phase of BNT. Detail
information of the structure will be given by TEM study. We
assume there are two phases in this solid material. One can be
attributed to the tetragonal structure, the other to the
rhombohedral structure. One reflection peak around
20 =57.0° is enlarged, as shown in Fig. 1(b). Peaks typical
of the tetragonal and the rhombohedral phases were identified
in this figure and therefore leading to the assertion that these
two phases co-existing in the 0.80BNT-0.20BKT sample. This
observation is in good agreement with results of previous
reports [10].
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Fig. 1. The XRD pattern of the 0.8BNT-0.2BKT ceramics sintered at 1100 °C
for 2 h is shown in (a). One reflection peak around 260 = 57.0° is enlarged, as
shown in (b).

The ferroelectric domain structures and oxygen octahedron
tilting in this composition were characterized by TEM. Fig. 2 is
a bright field image of the 0.80BNT-0.20BKT ceramic, which
shows a clear stripe structure in the several grains which are
indicated by two arrows. The selected area electron diffraction
(SAED) pattern taken from bottom left grain is the inset in
Fig. 2. The elongation/splitting of high-order reflection spots
can be observed, which are demonstrated in the enlarged
picture inset in Fig. 2. The splitting of high-order reflection
spots is attributed to existence of multi-domains in this grain.
Similar phenomena were observed in lead-based ferroelectric
ceramics [11,12].

The local crystal structure of this composition was further
studied by SAED. It should be stressed that it cannot be un-
ambiguous to determine the space group of these materials due
to the tilting-angle limitation in our microscope. But the oxygen
octahedron tilting can be determined by the observation of
characteristic superlattice in SAED patterns. Both tetragonal
(Fig. 3(a) and (b)) and rhombohedral (Fig. 3(c) and (d))
distortions were observed in sample BNT-BKT. As shown in
Fig. 3(a) and (b), there are series 1/2{h+ 1/2,k+ 1/2,0}
superlattice reflections besides the basic reflections spots, but
only 1/2{h + 1/2,k + 1/2,] + 1/2}-superlattice ones in Fig. 3(c)
and (d). All indices were labelled in pseudo-cubic setting for
the simplicity. In accordance with the Woodward’s work [13],
12{h + 1/2,k + 1/2,] + 1/2} superlattice reflections are the
fingerprint of rhombohedral distortion along {1 1 1}-axis
(denoted as a~ a~ a~ in Glazer’s notation [13]), while 1/
2{h + 1/2,k + 1/2,0} ones be tetragonal distortion along [0 O 1]-
axis (denoted as a®d® ¢*). In other word, the SAED patterns
taken from sample BNT-BKT substantiate the co-existence of
tetragonal and rhombohedral phases in BNT-BKT sample.

The temperature dependent relative dielectric constant (¢,) and
loss tangent (tan §) of the composition are shown in Fig. 4(a) and
(b), respectively. The frequency dependent depolarization
temperature (7;) indicates diffused antiferroelectric—ferroelectric

Fig. 2. A bright field TEM image of the 0.8BNT-0.2BKT ceramics. The two
arrows indicated the domain structures in the grains. The selected area electron
diffraction (SAED) pattern taken from bottom left grain is inset.
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Fig. 3. The selected area electron diffraction (SAED) patterns of the 0.8BNT—0.2BKT ceramics: (a) and (b) show the tetragonal distortions, while (c) and (d) show the

rhombohedral distortions.
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Fig. 4. Temperature dependent (a) relative dielectric constant and (b) loss

tangent, the depolarization temperature is determined to be ~140 °C.

phase transition, i.e., the ceramics show relaxor ferroelectric
characteristics. The T, is determined to be ~140 °C, consistent
with other reports [14].

The room temperature ferroelectric polarization—electric
field (P-E) hysteresis loop measured under applied field of
6.5 kV/mm is depicted in Fig. 5(a). It is clearly seen that the
0.80BNT-0.20BKT sample exhibits a well-saturated P-E
loop, indicating the ferroelectric nature. The saturated
polarization, remnant polarization and coercive field are
measured to be 28.7 wC/cm?. These polarization and coercive
field values are comparable with other reported values for
compositions near this rhombohedral-tetragonal MPB region
[15] and are also similar to other BNT-rich piezoelectric
ceramics [16]. One also can see a butterfly like strain—electric
field (S—F) curve init shown in Fig. 5(b), which is a fingerprint
of ferroelectric materials. With the applied field of 6.5 kV/mm,
the maximum total strain and positive strain are observed to be
0.15% and 0.08%, respectively, comparable with literature
reports [17]. Both the well saturated P-E and butterfly
shaped S—-E curves are consistent with the above
mentioned microstructure characterization that the ceramics
have rhombohedral-tetragonal MPB structure with clear
ferroelectric domains.
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Fig. 5. (a) The polarization—electric field loop, and (b) the strain—electric field
curve, of the 0.8BNT-0.2BKT ceramics measured under applied field of
6.5 kV/mm.
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4. Conclusion

In conclusion, the rhombohedral-tetragonal MPB com-
position of 0.80BNT-0.20BKT has been prepared and
investigated. X-ray diffraction and electron diffractions
results substantiate the co-existence of tetragonal and
rhombohedral phases. The ferroelectric domains were clearly
observed by electron microscopy, which is further confirmed
by the well saturated P—E hysteresis loop and butterfly S—E
curve. The oxygen octahedron tilting of the samples was
studied by SAED. Our results may be helpful not only for
further understanding the microstructure—property relation-
ship of BNT-BKT around MPB, but also for further
developing high performance BNT-BKT based lead-free
piezoelectric ceramics.
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